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upper s tages  of t he  series o f  ELDO-B launch vehicles ,  i s  

described, with schematic sketches of single-engine arrange- 

ment i n  the  t h i r d  stage and four-engine c lus te r ing  i n  the  

second s tage of t h e  three-stage launch vehicle. The spec i f i c  

I 

second and t h i r d  stages. 

I. INTRODUCTION 

A t  t h e  beginning of 1965, t he  ELDO (European Launcher Development Organiza- 

Numbers i n  t h e  m r g i n  ind ica te  pagination i n  the  o r ig ina l  fore ign  text. 
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t i o n )  sponsored a study on t h e  development of a 6-Mp Hz/Oz rocket engine i n  

each of t h e  following countries: 

Germany; t h i s  engine was t o  be used as a standard engine f o r  t he  high-energy 

upper s tages  of t he  ELDO-B launch vehicles. 

t r a c t  by t h e  ELDO af ter  a number of investigations (Bibl.1 - 4, 7 )  had def ini-  

t i zed  the  two-stage launch system ELDO-B1 with a high-energy upper s tage and t h e  

three-stage launch system ELDO-B2 w i t h  t w o  high-energy upper s tages ,  based on 

t h e  Blue Streak as t h e  f irst  stage. 

England, France, and Federal Republic of 

These s tudies  were l e t  out  on con- 

I n  t h e  invest igat ions on the  launch system i t se l f ,  t h e  payload of a fu tu re  

three-stage ELDGB2 launch vehicle was taken into consideration as a function 

of t h e  th rus t  l eve l  of t he  second and t h i r d  s tage f o r  various propellant masses 

i n  t h e  second stage. Figure 1 shows t h e  r e su l t s  of t h e  invest igat ions made i n  

t h e  pre-project stage,  f o r  t h e  t w o  missions of escape ve loc i ty  and o r b i t a l  ve- 

l o c i t y  inZ0Okm height (Bibl.3), i n  which case a constant spec i f i c  vacuum impulse 

of 425 kp/sec/kg was assumed f o r  t he  high-energy engines. 

mass was 110 tons,  t h e  thrust of t h e  first stage was l.44 Mp which corresponds t o  

a l i f t o f f  accelerat ion of 0.3 G, and the maximum mass of t h e  upper stages and 

payload w a s  23 tons. It was found tha t ,  a t  optimum layout of t he  upper s tages ,  

t h e  t h r u s t  l e v e l  of t h e  d i f f e ren t  stages could be varied within cer ta in  limits, 

without grea t ly  reducing t h e  payload. 

Here, t h e  l i f t o f f  

This offers  t h e  poss ib i l i t y  o f  developing a s ingle  high-energy power plant 

which, a t  a th rus t  of about 6 Mp, could be used as t h e  only engine f o r  t he  t h i r d  

stage o r ,  arranged as a c lus t e r  of four engines with a t o t a l  t h rus t  of 2.!+ Mp, 

i n  t h e  second stage of t h e  three-stage launch vehicle. 

propulsion un i t  ac tua l ly  meets the  deadline and cost estimates of the  ELDO. 

The arrangement of four  engines i n  t he  second s tage i s  shown i n  Fig.2. 

T h i s  high-power standard 

f4 
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Figures 3 and 4 give a schematic view of the  two launch vehicles  ELDO-B1 and 

ELDO-B2 which are used as basis f o r  our  discussions. 

t h e  same top  stage.  

stage.  

t o  de ta i led  engine tests, ac tua l ly  appear rea l izable .  

Both launch vehicles have 

The B2 launch vehicle, i n  addition, has a modified f i r s t  

The values i n  brackets r e fe r  t o  t h e  spec i f i c  impulses which, according 

It can be expected that t h e  standard propulsion uni t ,  t o  be developed with- 

i n  the  framework of t he  ELDO-B program, w i l l  become the  high-energy standard 

power plant  of t h e  ELDO f o r  the  next 10 - 1 5  years. 

engine, by proper layout, m u s t  be given adequate adaptab i l i ty  t o  satisfy t h e  

presently predictable p o s s i b i l i t i e s  of fu tu re  ELDO missions. 

t he  three-stage launch vehicle,  discussed last  year as a possible ELDO-C version 

and having a l i f t o f f  mass of 210 tons should be mentioned (Bibl.6, 7). 

second s tage,  t h i s  var iant  was t o  carry s i x  high-energy propulsion uni t s .  

Figure 5 shows the  r e su l t an t  t h r u s t  runup i n  t h e  second and t h i r d  s tage 

(Bibl.6). 

For t h i s  reason, t h e  

I n  t h i s  connection, 

In  a 

11. DESIGN AND LAYOUT OF THE PROPULSION UNIT Lz. 

1. DescriDtion of t he  En,qine 

A schematic sketch of t h e  high-energy propulsion system, using one engine 

As a t y p i c a l  example, t h e  pro- 

The o q g e n  and hydrogen a r e  

i n  the  smaller upper stage,  is  shown i n  Fig.6. 

pe l lan t  feeding is done here by two  turbopumps. 

carr ied i n  t h e  propellant tanks under a ce r t a in  overpressure which is  produced 

by gaseous helium. 

gen tank by gaseous hydrogen, heated in  t h e  cooling jacket of t he  combustion 

chamber. 

propel lant  feed. 

A second possibi l i ty  is pressure gas generation i n  the  hydro- 

This posi t ive pressure prevents cavi ta t ion a t  t h e  pump i n l e t  during 

The two pumps deliver about 97 - 98% of t h e  propellant t o  t h e  
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combustion chamber and t h e  remainder to  t h e  gas producer. 

gases a r e  produced that supply the turbines used as pump drive.  After a pa r t i a l  

expansion i n  the  turbines ,  an afterexpansion of t h e  combustion gases takes place 

e i t h e r  i n  t h e  large je t  nozzle or ,  as shown i n  Fig.6, i n  a separate  exhaust 

nozzle, thus producing a s l i g h t  auxiliary t h r u s t  of t h e  order  of magnitude of 

120 kilopond. 

Here, t h e  combustion 

In  contrast  t o  t h e  medium-energy propellants used i n  t h e  upper stages of 

t he  ELDO-A launch vehicle, hydrogen and o q g e n  are not a hypergolic fue l .  

Therefore, i n  any Ha/Oz engine, an igni t ion system must be i n s t a l l e d  f o r  ignit- 

ing t h e  propellant i n  t h e  gas producer and i n  the  combustion chamber. O f  t h e  

three  known igni t ion  methods, namely, e l e c t r i c ,  pyrotechnic, and hypergolic 

methods, t h e  two former a r e  d i r e c t l y  i n  question, with the  pyrotechnic method 

presumably being the  preferred process (Fig.6). 

of re- igni t ions,  t h i s  method has t h e  advantage of s implici ty  and great  relia- 

b i l i t y  as w e l l  as of t he  poss ib i l i t y  t o  acce lera te  t he  s tar t -up of t h e  turbo- J6 
pumps by t h e  combustion gases of t h e  so l id  propellant charge. 

nates t h e  necessi ty  of an addi t iona l  H2 pressurized tank, which is  needed i n  the  

e l e c t r i c  i gn i t i on  method t o  obtain the desired short  s tar t -up times f o r  reach- 

ing f u l l  t h rus t .  

I n  t h e  case of a l imited number 

This a l so  elimi- 

The combustion chamber and t h e  bell-shaped j e t  nozzle are designed i n  

tubular  form and are provided with regenerative cooling, using t h e  hydrogen as 

coolant before i t s  introduction in to  the  combustion chamber (Fig.7) . 
walled small tubes, forming the  jacket, have a double-cone shape and a r e  made 

of tempered steel. 

tubes near  t h e  nozzle end is twice as grea t  as i n  t h e  combustion chamber i tself .  

The l i q u i d  hydrogen which has a temperature of about 29K, enters  t he  cooling 

The thin-  

For cooling technology and design reasons t h e  number of 



jacket a t  a cer ta in  dis tance below the narrowest cross sec t ion  and flows first 

into t h e  tubes completing t h e  nozzle, downward toward t h e  end of t he  nozzle. 

reverse manifold is used f o r  d i s t r ibu t ion  over t he  remaining tubes and f o r  re- 

flux t o  t h e  in jec t ion  head where t h e  hydrogen f inal ly  en ters  t h e  combustion 

chamber i n  t h e  gaseous state,  through a la rge  number of o r i f i c e s .  

i n  t h e  l i qu id  s t a t e ,  i s  injected through separate o r i f i c e s  which individual ly  

are surrounded by a group of  hydrogen o r i f i c e s .  

nozzle, whose exit cross sec t ion  is determined by t h e  power of t h e  d i f fuse r  used 

i n  t h e  t e s t  operation, can be extended by a radiation-cooled section. 

A 

The oxygen, 

The regeneratively cooled j e t  

2. The Turbopump System 

For t h e  high-energy standard engine, t h ree  d i f fe ren t  turbopump systems are 

i n  question. 

are dr iven by two turbines,  as shown in  Fig.6, o r  by a s ingle  turbine.  

one turb ine  i s  used, t h e  two pumps can be mounted t o  a s ingle  sha f t  and r o t a t e  

a t  t h e  same rpn (Fig.8) o r  else can opera te  a t  d i f f e ren t  rpm by the  use of an  

auxiliary gearing (Fig. 9 )  

In pr inciple ,  these d i f f e r  only by whether t h e  two f u e l  pumps /7 
If only 

The th ree  turbopump systems can b e s t  be compared i f  t h e  same spec i f i c  per- 

formance i s  used as basis  f o r  both pumps and turbines  and if  t h e  system-specific 

engine impulse is considered, which contains t h e  d i f f e r ing  s t r u c t u r a l  weight. 

Because of t h e  elimination of an addi t ional  s t r u c t u r a l  component (gear un i t  o r  

second turb ine) ,  t h e  single-shaft arrangement shown i n  Fig.8 represents t he  

simplest  design but gives t h e  lowest system-specific impulse. On the  o ther  

hand, t h e  system-specific impulse i s  greatest  i n  the  gear design shown i n  

Fig.9. 

which, because of t h e  high temperature gradient and t h e  lubr ica t ion  by the  

However, here the  gearing must be designed as an aux i l i a ry  component 

5 



hydrogen, r a i se s  qui te  some spec ia l  development problems. 

design, as shown i n  Fig.6, a poss ib i l i ty  exists t o  use t h e  same single-stage 

turbine,  a t  d i f f e r ing  admission, f o r  driving t h e  hydrogen as wel l  as the  oqygen 

In  t h e  two-shaft 

pump; t h i s  w i l l  keep the  addi t iona l  development expenditure, required by t h e  

second turbine,  within moderate l imits.  

I n  a l l  th ree  turbopump systems, one 0, and one Hz control  valve, i n s t a l l ed  

i n  f r o n t  of the  gas producer, w i l l  be su f f i c i en t  f o r  control l ing the  rpn of the  

turbopumps i n  s ta t ionary  operation, which can be used a l so  f o r  ad jus t ing  the  

th rus t  l eve l .  Two addi t iona l  control valves, i n s t a l l ed  in to  t h e  H2 and O2 l i n e s  

leading t o  t h e  combustion chamber, can be used f o r  regulat ing t h e  mixture r a t i o  

of t he  combustion chamber as w e l l  as the t h r u s t  of the  engine. 

111. THERMODYNAMIC LAYOUT OF THE PROPULSION UNIT 

1. Thermodynarm ' c  Principles 

The high-energy propulsion uni t ,  t o  be developed f o r  t he  ELDO, is somewhat 

similar t o  a well-lmown American engine so fa r  as th rus t ,  mixture r a t i o ,  and 

expansion r a t i o  a r e  concerned. Therefore, it can be assumed that, a f t e r  the  

development of the ELDO propulsion unit is concluded, t h e  engine w i l l  a t  l e a s t  

have t h e  same values of combustion efficiency, f r i c t i o n  coef f ic ien t ,  and re- 

combination i n  the  je t  nozzle. A check calculat ion of t he  individual  nozzle 

losses ,  measured on the  American engine, showed t h a t  it is presently possible 

t o  precalculate  nozzle e f f i c i enc ie s  of Hz/O2 upper s tage engines with consider- 

ab le  accuracy. 

dustry,  which r e s t r i c t s  experiments of t h i s  type t o  a minimum i n  new designs. 

Therefore, it seems advisable t o  use the spec i f i c  performance fac tors ,  experi- 

This is  c l ea r ly  expressed i n  today's a t t i t u d e  of  the  US in- 
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mentally determined i n  USA, as a basis i n  designing the  ELDO engine and in 

determining i t s  spec i f ic  vacuum impulse. 

The a l t i t u d e  simulation of t h e  combustion chamber and of t h e  engine, with 

respect t o  output and power, presupposes a full-flow nozzle. The most economi- 

cal method of such a l t i t u d e  simulation is t h e  use of a supersonic d i f f u s e r  in- 

s t a l l e d  a f t  of the j e t  nozzle and compressing t h e  exhaust gases from the  nozzle 

- end pressure t o  atmospheric counterpressure, by means of t h e  k i n e t i c  exhaust- 

gas energy (Fig.18). 

within t h e  d i f fuser ,  i s  predominantly a funct ion of the  combustion-chamber 

The d i f fuse r  power, characterized by t h e  pressure r a t i o  

pressure and t h e  mixture r a t io .  

of t he  regeneratively cooled j e t  nozzle. 

This power determines the  maldmum area r a t i o  

The diffuser  power, and thus t h e  area 

r a t i o ,  of the  nozzle are grea te r  t h e  higher t h e  combustion-chamber pressure. 

In  Fig.10, the  maximum area ratio and t h e  maximum expns ion  r a t i o  of t he  

jet  nozzle are plotted as a function of  t he  th rus t  and of t he  combustion- f2 
chamber pressure, f o r  various mixture r a t i o s  i n  the  combustion chamber. During 

t h i s  process, t h e  exhaust gases are compressed t o  t h e  ambient pressure by an 

optimal supersonic d i f fuser .  

combustion-pressure chamber i s  36 kp/cm2, the  maximum area r a t i o  of t he  nozzle, 

l imited by t h e  diffuser  power, w i l l  be % / A t  = 60*. 

According t o  Fig.10, f o r  a 6-Mp engine whose 

If t h e  same engine is  t o  

be operated on t h e  test stand with a thrus t  of 5 Mp and thus with a lower 

combustion-chamber pressure, t h e  maximum area r a t i o  will decrease t o  &/At  = 50. 

A s  shown by American examples, a su i t ab le  design of t h e  upper s tage engine 

makes it possible t o  omit a part of the development tests a t  atmospheric counter- 

pressure conditions and thus t o  do away with an a l t i t u d e  simulation. This has 

t o  do mainly with the  behavior of the combustion chamber i n  t h e  case of separa- 

* The mixture r a t i o  i n  t h e  combustion chamber w i l l  be denoted by m. 
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t i o n  of flow. 

ture along a 6-Mp H 4 0 2  tubular  combustion chamber, whose t h r u s t  nozzle has an 

area r a t i o  of 50. I n  t h e  f irst  case, fu l l  nozzle flow i s  maintained by a d i f -  

fu se r  connected i n  se r i e s .  

cated p i n t ,  a t  atmospheric counterpressure. 

missibly high temperatures i s  avoided. 

As a typ ica l  example, Fig.11 gives t h e  slope of the  wall tempera- 

I 

I 
In  the  second case, t he  flow separates  on the  indi-  

However, t h e  generation of imper- 

2. 

as 

Combust ion-Chamber Pressure, Expansion Rat i o  
and Mixture Ratio 

I n  Fig.12, the e f f ec t ive  specif ic  vacuum impulse of t he  engine is  plotted 

a funct ion of t h e  combustion-chamber pressure, f o r  a 6-Mp engine with a 

mixture r a t i o  of 5 kg Oz/kg Ha. 

pulse f o r  t h e  following t w o  cases: 

The diagram indica tes  t h e  spec i f i c  vacuum im- 

a) The maximum nozzle-end diameter De, on the  basis of i n s t a l l a t i o n  

r e s t r i c t ions  in  t h e  second s tage of  t he  ELDGB2 launch vehic le , i s  

given 

b) The nozzle area r a t i o  is determined by t h e  c r i t i c a l  output of t he  

supersonic d i f fuse r  used in experimental operation. 

I n  both cases, t h e  calculat ion i s  made with and without u t i l i z a t i o n  of /10 
t h e  tu rb ine  exhaust gases f o r  t h rus t  production. 

plained by t h e  increase i n  f r i c t i o n  losses, due t o  t h e  enlargement of t h e  nozzle 

area r a t i o ,  and by t h e  increase i n  throughput through t h e  gas producer, due t o  

t h e  rise i n  combustion-chamber pressure. 

The d i s t i n c t  maxima are ex- 

According t o  Fig.12, t he  optimum combustion-chamber pressure is  between 

36 kp/cm2 and LO kp/cm2, i f  the turbine exhaust gases a r e  used f o r  t h rus t  pro- 

duction. . Depending on t h e  combustion-chamber pressure, t he  gain i n  spec i f i c  

8 



vacuum impulse of about 4 - 7 kp/sec/kg, produced by an enlargement of t he  area 

r a t i o  t o  88, cannot be tes ted  i n  a simple d i f fuse r  system. For comparison, the  

specific impulse of an American engine is plot ted,  which has a combustion- 

chamber pressure of 21.2 kp/cm2, a nozzle area r a t i o  of 40, and a turbopump 

capacity based on t h e  main-flow system. 

Figure 13 shows the  e f fec t ive  spec i f ic  vacuum impulse of both combustion 

chamber and power u n i t  as a function o f  t h e  nozzle area r a t i o ,  f o r  a combustion- 

chamber pressure of 36 kp/cm2. 

l a rge r  upper stage,  t he  naaximum area r a t i o  obtainable is  88, which is  below t h e  

optimum r a t i o  even if the  structural weights of j e t  nozzle and t r a n s i t i o n  

s t ruc tu re  are taken in to  consideration. 

Because of t h e  i n s t a l l a t i o n  r e s t r i c t i o n  i n  the  

T h i s  yields  t h e  following area ra t io s  f o r  the  je t  nozzle and t h e  corre- 

sponding ef fec t ive  spec i f i c  vacuum impulses of t he  propulsion un i t  (pc = 

= 36 kp/cm2, m = 5 kg Oz/kg Hz). 

a )  Propulsion unit with f u l l y  regenerative cooling and a minimum th rus t  

of S = 5 Mp, respectively,  S = 6 Mp: 

&/At = 50 and zit = 428 kp/sec/kg , 
resp. 

& /At = 60 and Iiic = 432 kp/sec/kg; 

b) Propulsion unit with flanged radiation-cooled j e t  nozzle /11 
& /At = 88 and zit = 439 kp/sec/kg. 

The influence of t h e  mixture r a t io  on t h e  e f fec t ive  spec i f i c  vacuum im- 

pulse of combustion chamber and power plant i s  plotted i n  Fig.&. 

i s  aga in  based on t h e  maximum nozzle-end diameter, given by t h e  i n s t a l l a t ion  

r e s t r i c t i o n  i n  the  second stage.  

combustion chamber, correlated with t h e  maximum spec i f ic  engine impulse, is 

The diagram 

Accordingly, t he  optimum mixture r a t i o  i n  the  

9 



located near 4.5 kg Oz/kg Hz. To obtain a statement on t h e  optimum mixture 

r a t i o ,  coordinated with t h e  maximum payload, t he  system-specific impulse & i s  

a l so  plot ted i n  Fig.&, but only taking t h e  var ia t ions i n  s t r u c t u r a l  weight 

determined by t h e  mixture r a t i o  i n t o  consideration. 

t h i s  system-specific impulse is  suf f ic ien t  f o r  defining the  optimum mixture 

r a t io .  

t o  t h e  payload, is of t he  order of 5 kg Oa/kg Hz, a t  which value also the  Ameri- 

can H2/02 engines are operated. 

The qua l i t a t ive  slope of 

It is  found that t h e  mixture r a t i o  of t h e  engine, optimum with respect 

3 .  General DesiRn Viewpoints of t he  Turbopumps 

In  t h e  USA, t he  viewpoints decisive f o r  t h e  design of pumps and turbines  

has been subjected t o  de ta i led  overal l  optimizing considerations. 

discussed viewpoints are compiled i n  Table 1. 

signing t h e  high-energy ELDO engine which, a t  f i rs t ,  is t o  operate a t  a moderate 

thrust of 6 Mp and later possibly i n  a higher t h r u s t  range. 

s ide ra t ion  great r e l i a b i l i t y ,  high spec i f ic  impulse, and a reasonable s t r u c t u r a l  

expenditure, t h e  following picture w i l l  r e s u l t  : 

Some of t h e  

This scheme can be used f o r  de- 

Taking in to  con- 

The owgen pump i s  designed as a s ing le  stage.  This is  done because of /12 
the high spec i f i c  rpn and the  resultant possible high pump eff ic iency.  

t i on ,  t h e  oxygen pump, a t  the  m i x t u r e  r a t i o  of 5 kg Oz/kg & requires only 

about 20% of the  t o t a l  d r ive  power, s o  that an increase i n  number of stages 

merely would r e s u l t  i n  a higher s t ruc tu ra l  weight but would not produce a 

not iceable  improvement in the  specif ic  engine impulse. 

I n  addi- 

The conditions are d i f fe ren t  f o r  t h e  hydrogen pump which absorbs about 80% 

Here, t h e  use of a two-stage pump w i l l  produce an im- of t h e  propulsive power. 

provement i n  eff ic iency by 10 uni t s ,  a corresponding decrease i n  t h e  gas- 

10 



producer throughput, and thus a concomitant increase of t h e  spec i f i c  impulse. 

On t h e  bas i s  of s imil i tude l a w s ,  t h e  s t ruc tu ra l  weight of a two-stage pump is 

not much greater  than t h a t  of a single-stage pump. I n  addi t ion,  a two-stage 

pump (with respect t o  a later th rus t  augmentation) o f f e r s  t h e  poss ib i l i ty  of 

more favorable peripheral  speeds and blade angles, as indicated i n  Fig.15. 

The optimum number of turbine stages can be estimated, f o r  the  turbopump 

systems i n  question, on the  basis  of Fig.16. 

vacuum impulse of the engine is plotted as a function of t h e  number of turbine 

stages.  By a mre accurate investigation, which takes  t h e  d i f f e r ing  s t r u c t u r a l  

weights i n to  consideration, it can be demonstrated t h a t  t h e  optimum solut ion i s  

one two-stage turbine which d i r ec t ly ,  o r  over a gear un i t ,  d r ives  both pumps, 

o r  else two single-stage turbines  each of which is  munted t o  a common shaft 

with one pump. 

I n  t h i s  diagram, the  spec i f ic  

4. Survey over the Preliminary Design Data 

Figure 17, on the  basis of a typ ica l  example, gives a general view over 

the  pro jec t  data  of t h e  6-Mp H2/02 engine, where t h e  case of propellant feed 

by means of two turbopumps i s  considered. A l l  r e su l t s ,  discussed above, a r e  

contained therein.  

/13 

I V .  DEVELOPMENT OF THE PROPULSION UNIT 

For in se r t ion  in to  o r b i t  as w e l l  as f o r  obtaining a t t i t u d e  control and 

s tage  separat ion w i t h  t h e  launch vehicle, the  engines must s a t i s f y  cer ta in  

specif icat ions,  within d e f i n i t e  tolerances. 

development. Table 2 shows several  important spec i f ica t ions ,  compiled from 

data  obtained w i t h  UT upper-stage engines and used as a bas is ,  f o r  the  time 

This i s  t h e  main goal of t he  engine 
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being, f o r  t h e  high-energy engine t o  be developed f o r  t he  ELDO. 

To proceed with the  development, which has t h e  goal of meeting these speci- 

f i ca t ions ,  a number of test stands are required. 

ever, t h e i r  number w i l l  be much l e s s  than t h a t  of American t e s t  stands which 

were designed f o r  t h e  development of t h e  two  high-energy engines RL 10 and J 2. 

For f inanc ia l  reasons, how- 

I 
I 

I n  both of these propulsion uni t s ,  the Bat t leship tes t  stands were supplemented 

by f i v e  engine t e s t  stands and a b u t  20 component t es t  stands. 

permitted the  development of propulsion un i t s  over a period of t h ree  years up t o  

PFKT (Preliminary Fl ight  Rating Test) and within four  years up t o  completion of 

t h e  r e l i a b i l i t y  tests. 

This e q u i p e n t  

Deviating from the  absolute minimum of using only one t e s t  stand each f o r  

engine and components, the  number of t e s t  stands l i s t e d  i n  Table 3 would be 

required. During t h e  development period, these t e s t  stands w i l l  be occupied by 

an extensive experimental program, as shown i n  t h e  example given i n  Table 4. 

This Table contains several  development projects  f o r  t h e  engine t e s t  stands. 

Figure 18 gives a schematic view of the t e s t  setup f o r  t he  development of com- 

bustion chamber and j e t  nozzle. 

t i o n  of i gn i t i on  is  done by a vacuum pump and a full-flow nozzle, using a dFf- 

fuser .  

and t h e  l imited number of tes t  stands, t h e  development of t h e  high-energy pro- 

pulsion u n i t  cannot be concluded within t h e  scheduled time of 3 - ,!+ years. 

Therefore, a mean development time of 5 years i s  expected. 

f& 

According t o  t h i s  example, the  a l t i t u d e  simula- 

It i s  obvious that, i n  view of t h e  mul t ip l i c i ty  of development problems 

V. S W R Y  

The Hz/Oz propulsion uni t ,  t o  be developed f o r  t he  ELDO, i s  designed pr i -  

mrily f o r  dr iving t h e  high-power upper stages of t he  ELDO launch vehicles B1 

12 



and B2. Despite i t s  present design of r e a l i z i n g  rraximum s p e c i f i c  impulse a t  

moderate t h r u s t ,  t h i s  presumable high-energy standard power u n i t  of t he  ELDO 

f o r  t h e  next 10 - 1 5  years, does not exclude t h e  p o s s i b i l i t y  of a la ter  develop- 

ment i n  t h e  d i r ec t ion  of higher th rus ts  and of a t h r o t t l e a b l e  engine. 

preliminary design, a t h r u s t  of 6 Mp is obtained, a t  a combustion-chamber pres- 

sure of 36 - 4.0 kp/cm2 and a mixture r a t i o  of t h e  order of magnitude of 5 kg 02 

per kg H2. For t h i s ,  a n  optimum spec i f i c  vacuum impulse of 438.5 kp/sec/kg can 

be computed, using t h e  s p e c i f i c  power f a c t o r s  obtained i n  t h e  USA w i t h  a similar 

engine. 

a regeneratively cooled je t  nozzle, w h i l e  t h e  second development phase provides 

f o r  a radiation-cooled par t  so as t o  ensure an  optimum area  r a t i o .  

ment period of t he  engine i s  e s t b a t e d  t o  be a minimum of fou r  years up t o  t h e  

preliminary f l i g h t  r a t ing  test .  

I n  t h e  

I n  t h e  first development phase, t h e  engine w i l l  be provided only with 

The develop- 

13 
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Fig.1 
Vehicle, as a Function of t he  Thrust Level S a  of t h e  Second Stage f o r  Various 
Thrust Levels S i n  t he  Third Stage. (Li f tof f  mass WA = 110 tons; SI = 
= I&+ Mp, upper-stage mass including payload, 23 tons)  

Payload W,, i n  t h e  Preliminary Project of a Three-Stage EU)O-B Launch 
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FULL N O Z Z L E  F L O W  . Y E A W  S E P A R A T I O N  C R O S S  S E C T I O N  --- S L ~ A R I T E O  W O Z Z L E  F L O W  
c 
f 

Fig.= 
a t  Full-Flow and Separated Nozzle Flow, under Atmospheric Counterpressure 

Wall Temperature Twr Plot ted aga ins t  Combustion-Chamber Length L/D, 

i 

Fig.12 
expansion of t h e  Turbine Exhaust Gases, as a Function of t h e  Combustion- 

Ef fec t ive  Specif ic  Impulse I:;’ of t h e  Engine with and without After- 

Chamber Pressure pc 
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